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Abstract. The species of Tilletia which cause common bunt of wheat (Tilletia caries and 
Tilletia foetida) can cause major yield losses in common wheat (Triticum aestivum L.) and durum 
wheat (Triticum turgidum L.). The aim of this study was to test resistance to Tilletia spp. of eight F2 
populations of wheat consisting of progenies derived from resistant x susceptible crosses. Tests were 
carried out in the field by artificial inoculation of wheat seeds with a mixture of spores of T. caries and 
T. foetida. Analysis of variance for the percentage of infected plants showed that there were 
statistically significant differences between tested F2 progenies (between the progenies derived from 
crosses) regarding percentage of infection with Tilletia spp. (varying between 18.4 and 63%). The 
progenies of four crosses were tested comparatively using two different doses of inoculum, in order to 
find out the infection degree. Significant differences were observed between the bunt incidence after 
inoculation with the two doses. Characterization of the resistance in F2 progenies allowed us to 
perform a genetic analysis on the inheritance of resistance to Tilletia spp. in F2 population. The chi-
square (χ2) analysis showed that inheritance of resistance to Tilletia spp. in progenies of F2 segregating 
populations fit a 3:1 (resistant:susceptible) ratio for the segregation of a single major resistance gene. 
The exception is represented by the segregation of resistance in F2 progenies of five crosses that do not 
fit the expected ratio of 3:1, which is possible because of the small number of plants that could be 
evaluated in tested population. 
 





Common bunt of wheat is an important wheat disease, known since ancient times, and 
which is transmitted by spore-contaminated seeds (Goates, 1996). The disease is largely 
spread in all wheat growing regions (Wilcoxson and Saari, 1996). The spores which are left 
on the surface of the contaminated seeds are systematically developing and multiplying, year 
by year, inside the growing wheat plants (Triticum aestivum); when the plant reaches 
maturity, they transform the core of the wheat kernels into toxic fungus spores. The fungicide 
seed treatment is the most efficient way to control the disease and it can reduce bunt incidence 
to zero (Nagy and Moldovan, 2006). Under Romania’s conditions, if untreated seeds are used 
the incidence of common bunt can reach 70-80 %, causing thus important yield losses (up to 
40%), (Nagy and Moldovan, 2006). This disease not only affects the yield by preventing 
kernel formation, but it reduces the quality of the seeds, transforming them into toxic fungus 
clamidospores. Thus, the commercial value of the wheat seeds is greatly diminished, both in 
common wheat (Triticum aestivum L.) and in durum wheat (Triticum turgidum).  
It is important to identify sources of wheat resistance to common bunt in order to use 
resistant varieties and to develop resistant cultivars through breeding effort. Testing for 
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resistance to Tilletia spp. and identification of new sources of resistance are necessary 
especially under organic farming conditions. Using untreated seeds in organic farming 
determines high infections and the impossibility to use the seeds (Borgen, 2000). Common 
bunt resistance in wheat is controlled by 15 major resistance genes (numbered from Bt-1 to 
Bt-15) (Goates, 1996). Sources of resistance to common bunt generally come from the related 
species (Triticum boeoticum, T. dicoccoides, and Aegilops, Triticum monococcum, Triticale, 
and were identified in some lines and varieties where there are introgressions among these 
species (Oncică and N. N. Săulescu, 2007). Some of the resistance genes were used in 
breeding for resistance by introgressing in the current varieties and lines cultivated in our 
country (Oncică and N. N. Săulescu, 2007; Ittu et al., 2001). 
There are various studies which show results of testing current varieties cultivated in 
Europe (Dumalasová and Bartoš 2006, Wachter et al., 2007; Dumalasová and Bartoš, 2008); 
the infection degree varies from 0% to 67% (Huber K. and H. Bürstmayr, 2006), from 0% to 
98.3 % (Dumalasová and Bartoš, 2006). Some of the currently cultivated varieties and lines 
were tested in our country too (Nagy and Moldovan, 2006; Oncică and Săulescu, 2007). The 
results show that there are varieties that have proved to be moderately resistant (with an 
infection degree of 9, 5 %), but also susceptible varieties to common bunt (infection degree of 
18.7%), (Nagy and Moldovan, 2006). Information regarding the degree of the variety 
resistance is important for the control strategies by using resistant varieties. 
Our objective in this study was to evaluate the resistance to common bunt of some 
wheat populations (F2 progenies) derived from susceptible x resistant crosses, with the 
purpose of selecting resistant and susceptible plants for genetic testing. It has also been 
carried out a genetic analysis in order to evaluate the inheritance of the common bunt 
resistance. Knowing the inheritance way of common bunt resistance is an important objective 
in identifying the resistance genes and the genetic markers which can be used in the selection 
assisted by molecular markers. 
 
MATERIALS AND METHODS 
 
 In order to obtain the F2 population, in 2006 year, hybridizations were done between 
resistant and susceptible parental forms. These were obtained from NARDI Fundulea. Winter 
wheat lines: 99419G4-1A/1-1, 00274 G2-31, 00281G2-11, 00399G2-11, 00450G1-1 are 
known as being very resistant to common bunt, showing their resistance in repeated testing. 
These have in genealogy sources of major resistance genes (Table 1), line 00399G2-11 has in 
genealogy landrace wheat variety PI 178383, an important resistance source which has the 
genes Bt-8, Bt-9 and Bt-10. These lines were used as father forms in crosses. The winter 
wheat varieties and lines, susceptible to Tilletia spp., Farmec, Delabrad, F96869G1-108, 
Glosa, Boema, Jiana, Crina, Dropia, have manifested susceptibility to common bunt in 
repeated tests carried out at NARDI Fundulea; they were used as mother forms in crosses. In 
2007 the F1 hybrids were cultivated in the field, obtaining the F2 segregating population. The 
next ten F2 progenies were tested: 99419G4-1A/1-1xGlosa, 99419G4-1A/1-1xBoema, 
99419G4-1A/1-1xDropia, 00274G2-31xGlosa, 00274G2-31xDropia, 00281G2-11xBoema, 
00399G2-11xBoema, 00450G1-1xGlosa, 00450G1-1xBoema, 00450G1-1xDropia. 
 The experiments of artificial inoculation with spores of T. caries and T. foetida were 
organized in the field, in the agricultural area of Botanical Garden of UASVM Cluj-Napoca, 
in the period 2008-2009. The experiments were carried out in randomized complete blocks 
with three repetitions. After inoculation, approximately 250 seeds were sown from each F2 

















Artificial inoculation of the seeds with spores was done using a mixture of two 
different isolates of T. tritici and T. foetida. The spores were obtained sampling natural 
infected plants from the field, from Agricultural Research and Development Station-Simnic. 
Both the parental forms and the F2 progenies from eight crosses were infected. The doses of 
spores used for inoculation vary a lot (Dumalasova and Bartoš, 2008). In this study we used a 
dose of 5 grams of spores/1000 grams of seeds (Nielsen, 2003). In order to provide a total 
infection, the F2 progenies from four crosses were treated separately with a higher inoculation 
dose of 0.08 g spores/150 seeds. The seeds were sown in the autumn and in the next year, at 
the heading stage, the disease could be detected in the field.  
The specific symptoms were evaluated at the heading stage by the visual inspection of 
the spikes in the month of June, when we could observe, at the infected plants, the dark 
coloured spikes, the spreading of the glumes and, at the maturity, the grains’ content 
transformed into a mass of dark coloured spores (Fig.1 and Fig. 2). The resistance evaluation 
was done by reporting the number of susceptible plants to the total number of plants. The 
variance analysis was used to interpret the data. A population formed by 12 F2 progenies was 
tested for chi-square (χ2) analysis (Tab 2). 
 
RESULTS AND DISCUSSIONS 
 
Testing the resistance to common bunt in parental lines  
and F2 segregating populations 
 
Reaction of the parental lines and cultivars to artificial inoculation  
Parental wheat lines and cultivars used for crosses showed constantly resistance to 
Tilletia spp. (with a percentage of infection of 0%); these proved to be resistant also during 
the tests carried out in the previous years. At the susceptible cultivars and lines, the infection 
degree varied between 33.3-100%. For example, Dropia cultivar is known as very susceptible 
Fig. 1. Symptoms of infection with 
T. caries and T. foetida 
Fig. 2. Wheat spike infected with T. caries 
and T. foetida (left), healty spike (right) 
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to Tilletia spp. (Oncică Fraga, 2007); the infection degree was of 100% at the dose of 5 grams 
/ 1000 grams of seeds (Tab 1). 
           Tab. 1 
 Average degree of infection at parental cultivars and lines (%) 
 
Resistant lines SUSCEPTIBLE LINES AND 
CULTIVARS 





Average degree of 
infection 
 (%)  
? 99419G4-1A/1-1 0 Farmec undetected 
Bt-5 00274 G2-31 0 Delabrad 50 
Bt-11 00281G2-11 0 F96869G1-
108 50 
Bt-8, Bt-9, Bt-10 00399G2-11 0 Glosa undetected 
Bt-11 00450G1-1 0 Boema undetected 
? 99419G4-1A/1-1 0 Jiana 33.3 
Bt-5 00274 G2-31 0 Crina 33.3 
   Dropia 100 
 
 Resistance of wheat F2 progenies to artificial infection 
 The analysis of variance was carried out in order to test the differences regarding the 
infection degree between the F2 progenies derived from the eight crosses (Tab 3). The data 
regarding the infection degree used for the variance analysis were transformed in angles = arc 
sin √%.  
         
Tab. 2 
The infection degree at the F2 wheat populations 
 
Average degree of infection 
F2 progenies 
No. of 
plants % Angles  
=arc sin√ % 
99419G4-1A/1-1x Glosa 39 43.1 40.83 
99419G4-1A/1-1 x Boema 28 35.2 35.43 
00274 G2-31 x Glosa 50 28 31.73 
00274 G2-31 x Dropia 59 46.6 42.96 
00399G2-11x Boema 56 33.1 35.06 
00450G1-1 x Glosa 37 26.6 30.46 
00450G1-1 x Boema 16 63 52.56 
00450G1-1 x Dropia 49 18.4 24.50 
99419G4-1A/1-1x Glosa -R 21 37.7 37.86 
00274 G2-31 x Glosa -R 35 39.6 38.50 
00399G2-11x Boema - R 20 34.9 36.13 
00450G1-1 x Glosa -R 34 46.1 42.86 
 
The results of the variance analysis (probe F) indicate the fact that there are significant 
differences between the eight wheat F2 progenies regarding the percentage of infected plants 
after the artificial inoculation with Tilletia spp. spores. The F probe indicates the existence of 
some differences reported to the genotype (Tab. 3). The differences between the infection 
average at the susceptible parents used as a reference and the F2 progenies are presented in 
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Tab 4. The majority of the F2 progenies have shown significant differences toward susceptible 
parents. Only two combinations are an exception (00450G1-1//Boema, 00274G2-31/Dropia). 
            
Tab. 3 
The analysis of variance for the infection with common bunt at the F2 progenies derived  
from the eight crosses (values transformed into angles = arc sin √%). 
 
Source of variance GL s2 (arc sin √%) F 
Total 23   
Genotype 7 224.88 2.85* (2.76), P=5% 
Repetitions 2 -  
Error 14 78.80  
*indicates the significance at the probability level of 0.5 
 
 Effect of the inoculation dose on the infection degree  
 Various studies have used different spore doses for inoculation: 0.5 g, 0.25 g, 0.05 g, 
0.005 g per 250 wheat seeds (Dumalasová and Bartoš, 2008), 5 g spores/1000 g seeds 
(Nielsen, 2003), 10 g teliospores/1000 g seeds (Goates, 1996), but they used smaller doses 
too. In our study we have used a dose of 5 g spores/1000g seeds; at four of the progenies we 
have repeated the inoculation with a second dose (of 8 g spores/1000g seeds) with the purpose 
to provide a total infection. Testing the resistance to Tilletia spp., the results are very much 
influenced by the testing conditions, which affect the manifestation of the infection, by the 
environmental conditions necessary for the disease: high humidity in the soil, soil temperature 
of 5-10 ºC favorable to the spores development; if the seeds are not totally infected, the 
disease does not appear and the plants are characterized as resistant.  
The infection degree depends on the inoculation dose, but also on the variety’s 
resistance (Dumalasová and Bartoš, 2008). Other experiments where different inoculation 
doses were used have shown that the number of infected spikes increases with the inoculation 
dose, fact that is significant especially in the susceptible varieties (Dumalasová and Bartoš, 
2008). 
           
Tab. 4 
Significance of the differences between the average of the infection percentage at the parent – 
susceptible and at the F2 progenies 
 
F2 wheat progeny  
Average number of 
susceptible plants 
(%) 
Difference Significance  
Susceptible parent 53.3 - - 
00450G1-1//Boema 63 -9.7 - 
00274G2-31/Dropia 46.6 6.7 - 
99419G4-1A/1-1/ Glosa 43.1 10.2 (7.2) * 
99419G4-1A/1-1/Boema 35.2 18.1 (13.5) ** 
00399G2-11/Boema 33.1 20.2 (7.2,13.5) ** 
00274G2-31/ Glosa 28 25.3 (7.2,13.5) ** 
00450G1-1 / Glosa 26.6 26.7 (7.2, 13.5, 25) *** 
00450G1-1/ Dropia 18.4 34.9 (7.2, 13.5, 25) *** 
 
DL 5% =15.49 (7.2%), DL 1% =21.54 (13.5%), DL 0.1% =29.97 (25%), LSD (P: 0.5) 
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 In our testing the variance analysis has emphasized significant differences regarding 
the reaction of the inoculated plants to the two spore doses used. However, the genotype 
influence was insignificant; and so was the interaction dose x genotype (Tab 5).  
 
              Tab.5 
The analysis of variance for the percentage of infected plants with two doses of inoculation 
 
Source of variance GL s2 F 
Total 23   
Repetitions 2   
Dose 1 111.8 7.98* (4.60) P=5% 
Genotype 3 21.3 0.22 
Interaction 
dose x genotype 3 67.5 0.70 
Error 14 95.9  
 
Inheritance of resistance to Tilletia spp. in the wheat progenies of F2 population 
 
Chi-square (χ2) analysis 
It was hypothesized that the inheritance of the resistance genes to Tilletia spp. is 
controlled by major resistance genes. Based upon the knowledge concerning the resistance 
genes derived from the genealogy of the parental forms (Tab 1), the resistance was expected 
to be controlled by a single resistance gene. F2 segregation in of 3:1 ratio 
(resistant:susceptible) for the reaction to Tilletia spp. shows that the resistance of the parental 
forms used in crosses is conferred by a single resistance gene. The majority of the studies on 
the inheritance of the resistance to Tilletia show that resistance is transmitted either according 
to a complete dominance or according to incomplete dominance. Similar results were 
obtained by Knox et al., 1998, who pointed out the inheritance of resistance to common bunt 
according to a pattern of a single major resistance gene, both in populations of dihaploid lines 
and in random inbred lines (recombinated lines).  
 
Tab. 6 
Number of resistant and susceptible plants observed, segregation report expected for a resistance gene, 
values of chi-square (χ2) 
 











P=5% Tested F2 wheat progeny 
Resist. Susceptib.    
Parental lines 14 8 3:1 1.5 0.22 
00399G2-11x Boema 22 17 3:1 7.18 0.007 
00274G2-31 x Glosa 18 10 3:1 1.7 0.19 
99419G4-1A/1-1 x Glosa 36 14 3:1 0.24 0.62 
99419G4-1A/1-1 x Boema 31 28 3:1 15.8 0.00007 
00274G2-31 x Dropia 37 19 3:1 2.37 0.12 
99419G4-1A/1-1/ Dropia 28 9 3:1 0.0085 0.92 
00281G2-11x Boema 6 10 3:1 12 0.0005 
00450G1-1 x Glosa 40 9 3:1 1.14 0,28 
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99419G4-1A/1-1 x Glosa-R 13 8 3:1 1.92 0.16 
00274G2-31 x Glosa-R 21 14 3:1 4.18 0.04 
00399G2-11x Boema-R 13 8 3:1 1.06 0.30 
00450G1-1 x Glosa-R 21 14 3:1 6.62 0.01 
 
 The reaction of the wheat plants to Tilletia spp. can be affected very much by the 
environmental conditions (the soil temperature, the humidity, the inoculum quantity), 
especially in the testing effectuated in the field. In our analysis, at the F2 progenies derived 
from all the crosses, the resistance segregates according to a pattern of a single major 
resistance gene, except for progenies derived from five crosses (99419G4-1A/1-1/ Glosa, 
00274G2-31/Dropia, 00450G1-1//Boema, 00274G2-31 /Glosa). The segregation mode of the 
gene could not be evaluated in these ones, probably because of the limited number of 
available plants (that could be evaluated); in this way, they were more affected by the error 
that the others. The results are according to our data regarding the resistance genes presented 
in these lines. The chi-square (χ2) analysis confirmed the presence of a single resistance gene 




  The analysis of variance showed that there are significant differences between the 
tested F2 wheat progenies concerning the reaction to Tillletia spp. infection. The susceptible 
plants percentage varies between 18.4 % - 63%.  
  At the comparative infection with two inoculation doses, the infection degree 
increased with the inoculation dose, and the dose influence was significant too. The influence 
of the genotype and of the dose x genotype was insignificant. 
 Genetic analyses carried out, after the resistance evaluation, at a mixture of Tilletia 
tritici and Tilletia foetida varieties, show that resistance to Tilletia spp. in F2 segregating 
population derived from seven crosses is inherited according to a pattern of a single major 
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